The use of tricyclic antidepressants is associated with an increased risk of hip fracture. Despite a better side effect profile, this adverse effect has also been reported for selective serotonin reuptake inhibitors. To determine whether these findings result from bias arising from the case-control method, the authors have performed a casecontrol analysis and a self-controlled case-series analysis using 1987-1999 diagnosis data for 16,341 cases of hip fracture and 29,889 controls drawn from the United Kingdom General Practice Research Database. Both analyses showed an association between hip fracture and antidepressant treatment, and this was most marked during the first 15 days of treatment. The estimates from the case-control study were larger than those from the case-series analysis: The odds ratios for fracture within the first 15 days of a prescription for tricyclic antidepressants and serotonin reuptake inhibitors were 4.76 (95% confidence interval (CI): 3.06, 7.41) and 6.30 (95% CI: 2.65, 14.97), whereas the equivalent incidence ratios were 2.30 (95% CI: 1.82, 2.90) and 1.96 (95% CI: 1.35, 2.83). Tricyclic antidepressants and serotonin reuptake inhibitors are both associated with an independent increase in hip fracture incidence during the first weeks of treatment. The estimates from the case-series analyses were smaller than those from the case-control analyses, suggesting that the case-control method is subject to bias.
Each year in the United Kingdom more than 10 percent of people over the age of 60 years receive a prescription for an antidepressant drug (1) . In most cases, this is a tricyclic drug (1), but prescriptions for selective serotonin reuptake inhibitors have increased rapidly over the last 10 years (2, 3). The two classes of antidepressants appear to have similar efficacy for the treatment of depression (4), but selective serotonin reuptake inhibitors have fewer anticholinergic side effects, appear to be better tolerated by patients (2) , and are safer in overdose (5) .
The use of tricyclic antidepressant drugs has been associated with hip fracture, possibly due to an increased tendency to fall as a result of orthostatic hypotension, sedation, and/or confusion (6) (7) (8) . This increase in risk appears to be mainly associated with new prescriptions for tricyclic antidepressants, rather than continued use, suggesting that tolerance to this adverse effect occurs (8) . Although fewer problems would be expected with selective serotonin reuptake inhibitors, recent evidence suggests that fall rates are similar among nursing home residents taking each class of antidepressant (9) and that the risk of hip fracture may even be higher with selective serotonin reuptake inhibitors (8) . The reasons for these findings are not clear, but since these analyses are based on between-person comparisons, a selection bias may be present if physicians preferentially use selective serotonin reuptake inhibitors in frail patients at greater risk of falling. Furthermore, if depression itself is associated with an increased risk of fracture, the estimates for both classes of drug may be increased erroneously because of indication bias.
To establish more clearly whether tricyclic antidepressant drugs and/or selective serotonin reuptake inhibitors are associated with an independent increase in the risk of hip fracture, we have analyzed data from the United Kingdom (UK) General Practice Research Database (10) . We performed a classic case-control analysis initially and followed this with a self-controlled case-series analysis (11, 12) to minimize the effects of selection and indication bias.
MATERIALS AND METHODS

The UK General Practice Research Database
The UK General Practice Research Database (GPRD) is the largest longitudinal primary care data set available in the United Kingdom and contains data for more than 7 million people. The primary care centers contributing data to the GPRD are based throughout the United Kingdom and in terms of demographics appear to be typical of UK general practices (10) . The data included in the GPRD are collected by the UK Medicines Control Agency directly from the computerized recordings of routine primary care; for example, the data on drug exposures are derived from the software used to generate prescriptions. The validity of a wide range of drug exposures, including antidepressants, and of diagnoses has been tested within the GPRD and consistently found to be high (10) . Data collection for the GPRD started in 1987 and is still ongoing.
Case-control analysis
We identified all patients within the GPRD with a recorded diagnosis of hip fracture or fractured neck of femur up to November 1999. When possible, we identified two controls that were individually matched to each case by age, sex, general practice, and duration of available GPRD data. Each case-control set was assigned an index date corresponding to the date of the first recorded hip fracture in the case. We then extracted information on all recorded prescriptions for antidepressants prior to the index date.
We estimated the impact of first prescriptions for tricyclic antidepressants or selective serotonin reuptake inhibitors dated from 0 to 14 days, from 15 to 42 days, and 43 or more days before the index date using conditional logistic regression (Stata version 7 software; Stata Corporation, College Station, Texas). We then examined the impact of a number of potential confounding variables, including previously recorded falls, cerebrovascular disease, body mass index, diastolic blood pressure, hormone replacement therapy, ischemic heart disease, eye disease, peripheral neuropathy, and prescriptions for hypnotics, opiates, nonopiod analgesics, antipsychotics, inhaled corticosteroids, and oral corticosteroids, by constructing a series of bivariate models as appropriate. If any of these variables led to a change in the initial odds ratio for antidepressants of more than 10 percent, these variables were retained in a multivariate model. We also fitted a model including all of the potential confounders, which we shall refer to as the "full" model. We then examined the impact of individual antidepressant drugs by estimating odds ratios for drugs with an exposure rate of at least 1 percent in the control group.
Self-controlled case-series analysis
The case-series method is a self-controlled study design derived from the cohort method in which the incidence of an outcome during predefined periods of time after the exposure is compared in persons individually with the incidence during other baseline time periods (11, 12) . The analysis is therefore based only on data from cases, and the estimates of relative fracture incidence for antidepressant exposures are derived from cases who were prescribed antidepressants alone. The major advantage of the case-series approach for this study is that the influence of confounding by factors that vary between individuals, such as frailty, bone mineral density, and presence and severity of depression, is removed.
For our analyses, we included all of the cases of hip fracture whether they had a recorded prescription for an antidepressant or not. Cases that were not prescribed antidepressants will contribute information to the impact of age on fracture but not to the relative impact of antidepressant exposure. We identified all prescriptions for antidepressants during this time and defined the hip fracture date as the first recorded diagnosis of hip fracture. We then divided the person-time into different time periods as follows: from -0 to 14 days and from 15 to 42 days after the start of treatment (high-risk periods) and the remaining treatment period. The remaining treatment period was defined as the time from day 43 of treatment to 31 days after the last prescription. We chose 31 days as a conservative estimate of duration of a prescription because, in our data set, the median duration of time between prescriptions for people with more than one prescription was 33 days (interquartile range, 26-61 days). We also included a washout period set arbitrarily at 6 months (182 days), which started at 31 days after the last prescription. Because the precise date when treatment stopped was not known, we divided the washout period into two equal periods of 91 days, assuming that although there might still be some drug exposure during the first washout period, there should not be any during the second period. All remaining person-time was used as the baseline (unexposed) comparison period. The division of the person-time is shown pictorially in figure 1 .
We estimated the relative incidence ratios using conditional Poisson regression (12) within GLIM version 4.09 software (Numerical Algorithms Group, Ltd., Royal Statistical Society, Oxford, England) and in each analysis adjusted for the impact of age at fracture in 1-year bands. We first assessed the impact of exposure to any tricyclic antidepressant drug or selective serotonin reuptake inhibitor, but then examined the impact of specific drugs in a fashion similar to that of the case-control study. Because a significant proportion of patients received only one prescription for an antidepressant, we repeated our analyses restricting our data set to subjects treated for at least 12 months.
RESULTS
Case-control study
Our data set included 16,341 cases of hip fracture with two matched controls for 13,548 cases and one matched control for 2,793 cases. The mean age of the cases was 79 years (standard deviation, 12 years), and 12,854 (79 percent) were female. The median period of prescribing data prior to fracture was 2.7 years (interquartile range, 1.1-4.9 years).
Among the potential confounding variables, an increased risk of hip fracture was associated with a history of one or more falls (odds ratio Cases were more likely to be exposed to tricyclic antidepressants and selective serotonin reuptake inhibitors than were controls for all time periods before the index date, but these effects were particularly marked during the first 6 weeks of treatment (table 1). In our bivariate analyses, the confounders that appeared to have an impact on the association between exposure to tricyclic antidepressants and hip fracture were a history of falls and prescriptions for hypnotics and antipsychotic drugs. All of these confounders independently led to a reduction in the odds ratio for tricyclic antidepressants of approximately 10 percent, and so all were included in the final multivariate model (table 1) . The results from the full model were similar to those from our multivariate model; for example, the odds ratio for "ever exposed" to antidepressants in the full model was 1.16 (95 percent CI: 1.09, 1.23). The same three confounders also attenuated the odds ratios for the association between selective serotonin reuptake inhibitors and hip fracture (table 1) , and again the results from the full model were similar (OR for ever exposed to selective serotonin reuptake inhibitors = 1.35, 95 percent CI: 1.20, 1.51).
The individual antidepressant drugs with an overall exposure prevalence of 1 percent or greater in the control group were amitriptyline, dothiepin, lofepramine, fluoxetine, and paroxetine. All five drugs were associated with an acute increase in the risk of hip fracture if first prescribed within 14 days of the index date (table 2). The number of exposed cases and controls here was small and the confidence intervals were wide, but the strongest effects were seen with lofepramine (OR = 9.96, 95 percent CI: 3.24, 30.59) and fluoxetine (OR = 8.59, 95 percent CI: 2.42, 30.48).
Case-series analysis
The demographic details of the cases included in the caseseries analysis are shown in table 3. Note that the case-series analysis uses information on the first exposure to antidepressants at any time, both before and after the fracture. Therefore, although the case population for this analysis is identical to that in the case-control study, the total number of cases who received a prescription for an antidepressant appears to be greater in the case-series analysis because some of the prescriptions were started after the fracture (table 3) . The median duration of total observation period for the case-series analysis was greater than 5 years for each analysis. The mean age at first prescription was similar for all drugs, as was the proportion of people who had only one recorded prescription.
The relative incidence of hip fracture was increased after the first prescription for any tricyclic antidepressant drug, and this effect was most marked during the 15 days of treatment (incidence ratio (IR) = 2.30, 95 percent CI: 1.82, 2.90) (table 4). Thereafter, the relative incidence fell toward unity, but there was a marginal increase in fracture incidence during the remaining antidepressant exposure period (IR = 1.18, 95 percent CI: 1.06, 1.31), and there was also a small increase in fracture incidence during the first 91-day washout period. In each case, the size of the incidence ratios during the first 43 days of antidepressant exposure was smaller than the equivalent odds ratios from the case-control study; for example, for the first 15 days of treatment with a tricyclic antidepressant, the incidence ratio was 2.3 but the odds ratio was 4.8. A similar pattern was apparent for the three individual tricyclic drugs studied. The relative incidence of hip fracture was also increased during the first 15 days of treatment with selective serotonin reuptake inhibitors, although this effect was not quite as marked as that seen for tricyclic drugs (IR = 1.96, 95 percent CI: 1.35, 2.83). In contrast to tricyclic antidepressants, however, the relative incidence of fracture with selective serotonin reuptake inhibitors did not decrease over the next 28 days (IR = 2.03, 95 percent CI: 1.53, 2.68) and remained raised during the remaining treatment period (IR = 1.54, 95 percent CI: 1.3, 1.78) (table 5) . Again, the sizes of the relative incidences during the initial treatment periods with selective serotonin reuptake inhibitor exposure were lower than the equivalent odds ratio from the case-control study. The number of cases was small for individual selective serotonin reuptake inhibitors, but the acute impact of fluoxetine did appear to be more marked than that of paroxetine. Again, an increase in fracture rate during the first washout period was seen for selective serotonin reuptake inhibitors as a whole and for both individual drugs.
When the data set was restricted to patients who received 12 months of treatment, the statistical power was reduced and the resulting confidence intervals were wider, but the estimates of effect remained similar (table 6).
DISCUSSION
Our results show that the use of antidepressants is associated with an independent increase in the risk of hip fracture, that the size of this increase in risk is similar for tricyclic antidepressants and selective serotonin reuptake inhibitors, and that much of this increase occurs during the first 6 weeks of treatment. The large odds ratios derived from the casecontrol analysis, which suggest that the risk of hip fracture during the first 2 weeks of treatment may be increased by more than 300 percent, are probably overestimates of the true effect due to problems with selection and indication bias. The design of the case-series method will overcome these problems, and the more modest estimates from this analysis are likely to reflect the true adverse impact of antidepressants on hip fracture risk.
The GPRD is the largest longitudinal primary care data set currently available (10) , and this data set represents one of the largest pharmacoepidemiologic studies of hip fracture reported to date. The accuracy of hip fracture diagnoses within the GPRD has been investigated previously and been found to be high (13) . Because the data within the GPRD are derived from computerized general practice records and recorded as part of routine clinical care, they should reflect real life experience rather than the research setting. One disadvantage of these data, however, is that some important information is not available, for example, the severity of depression, the degree of frailty, and bone mineral density. This means that, with classic case-control analyses, it can be difficult to exclude bias and confounding.
The results from our case-control study are consistent with those from the study by Liu et al. (8) in showing that both tricyclic antidepressants and selective serotonin reuptake inhibitors are associated with an increased risk of hip fracture, and that the main increase in fracture occurs shortly after the start of treatment. These similarities were expected because the two data sets have many similarities. The data are not consistent with the adverse effect profiles of these two classes of drug, however. Tricyclic antidepressants have a greater anticholinergic activity than selective serotonin reuptake inhibitors and are less well tolerated by patients, so they might be expected to be associated with a greater risk of hip fracture (2) . One explanation for the findings of casecontrol studies is that the elevated risk of fracture associated with the use of selective serotonin reuptake inhibitors occurred because physicians preferentially prescribe these drugs to people who, in their opinion, will have adverse effects with tricyclic antidepressants, for example, frail patients. This selection bias would lead to an overestimate of the impact of selective serotonin reuptake inhibitors and an underestimate for tricyclic antidepressants. In addition to selection bias, an indication bias may also overinflate the odds ratios in our case-control study because depression per se may be a risk factor for fracture. A previous study has demonstrated an association between depression and decreased bone mineral density (14) , and other factors, such as agitation, may also increase the risk of fracture in patients with depression. The case-series method was originally developed to allow a rapid assessment of vaccine safety in response to concerns about adverse effects (11) , but the advantages of the method have been exploited in other settings (15, 16) . Its particular advantage for this study is that the influence of factors that vary between individuals, such as frailty and severity of depression, is removed. Our findings of an increased incidence in fracture shortly after the start of treatment with both tricyclic antidepressants and selective serotonin reuptake inhibitors are, therefore, highly suggestive of an independent acute adverse effect of both drug groups. Furthermore, the smaller size of these acute effects in the case-series analysis suggests that the results from the case-control analysis are overestimates resulting from bias.
In our case-series analysis, the tricyclic antidepressants were associated with a marginally higher early risk of fracture than were the selective serotonin reuptake inhibitors, in keeping with the more marked sedation and anticholinergic adverse effects associated with these drugs. There was, however, some heterogeneity of effect within each drug class. Among the tricyclic antidepressants, the early increase in fracture incidence was more marked with amitriptyline and lofepramine than with dothiepin. The better safety profile of dothiepin in comparison with amitriptyline is in keeping with meta-analyses of the results of prospective clinical trials, which suggest that dothiepin is better tolerated by patients (17, 18) . The reason for the marked increase in hip fracture with lofepramine is not clear since, although fewer data are available, it appears to have a better side effect profile than amitriptyline does (19) . Among the selective serotonin reuptake inhibitors, fluoxetine was associated with a larger relative incidence of hip fracture than paroxetine during the first 2 weeks of use, which may reflect the increased risk of agitation in the first few days of treatment with this drug (19) . As the duration of treatment with tricyclic antidepressants increased, the relative incidence of hip fracture fell progressively toward unity in the case-series analysis, and much of the increase in risk had gone after 6 weeks of starting treatment. This pattern was similar when the data set was restricted to patients treated for at least 12 months, in keeping with a progressive tolerance to their anticholinergic effects rather than a survivor bias (20) . For selective serotonin reuptake inhibitors, the increase in relative fracture incidence was sustained during the first 6 weeks of treatment and remained high during the remaining treatment period for fluoxetine. The reasons why selective serotonin reuptake inhibitors increase the risk of fracture are still not clear but they, and fluoxetine in particular, may be associated with bradycardia, orthostatic hypotension, and syncope (21) (22) (23) . Similar results were seen in the case-control study for antidepressant prescriptions that started more than 43 days before the outcome, although these odds ratios are not directly comparable with the incidence ratios from the case-series analysis, because the case-control analysis does not take account of whether the medication was stopped or whether the risk of fracture was increased during the washout period.
Both classes of drug were associated with an increased risk of fracture during the first washout period, and it is possible that this was due to withdrawal symptoms (20) . An alternative explanation, however, is that the antidepressant treatment was stopped because the patient developed another risk factor for fracture, for example, a prescription for another drug associated with postural hypotension or a new comorbid illness such as a stroke.
In summary, our findings suggest that tricyclic antidepressants and selective serotonin reuptake inhibitors are both associated with an increased risk of fracture in the first few weeks of treatment. The results from the case-series approach are likely to estimate these effects more accurately, because they remove the problems of selection and indication bias present in the case-control study. The clinical implication is that older patients starting treatment with either tricyclic antidepressants or selective serotonin reuptake inhibitors will have a transient doubling in their risk of hip fracture and that patients should be aware of this increased risk so that they can take appropriate precautions. * UK, United Kingdom. † 0-14 days = first 15 days of treatment, including the day of prescription. ‡ 15-42 days = next 28 days after first prescription. § Other exposed period = time from 43 days after first prescription to 31 days after last prescription. ¶ Washout 1 = time from 32 days after last prescription to 123 days after last prescription. # Washout 2 = time from 124 days after last prescription to 215 days after last prescription. 
